As a further refinement of these core competencies, the 12 milestones listed below have been created to ensure that resident education is consistent throughout the United States and that expectations of radiologists match the expectations of numerous regulatory bodies within state and federal government. 2 It is essential that the training programs reflect the changing values of medical care policy particularly with regard to quality, safety, and ultimately patient outcome. The ability to interpret images, integrate clinical information, and communicate with other health care professionals and patients as an effective consultant is of paramount importance for the future of our specialty. The milestones are as follows: (1) consultant (2) competence in procedures (3) selection and optimization of images (4) interpretation of examinations (5) professional values and ethics (6) effective communication with patient, families, and caregivers (7) effective communication with members of health care team (8) quality improvement (9) health care economics (10) patient safety (11) self-directed learning (12) scholarly activity It is evident that none of these milestones specifically applies to ultrasound (US), yet as we all know, US is an area where a great deal of interaction occurs with patients, families, other health care professionals especially sonographers, and among ourselves. Because many procedures are carried out with US guidance, the ability to perform procedures safely is necessary for all radiologists, not just sonologists. Knowledge and consideration of financial issues related to the practice of radiology are important milestones. Ultrasound, as the least expensive cross-sectional modality, has the capability in many cases to replace the use of more expensive technologies, such as computed tomography (CT) and magnetic resonance imaging (MRI). However, this can only be done by someone who is well trained, competent, and confident to make such diagnoses. Radiology has changed with advancing technology as much if not more than any other specialty in medicine, and clearly for all of us who wish to practice radiology at the state-of-the-art level, a lifelong commitment to learning and scholarly activity is required, and ensuring that trainees understand this needs to be a core value for all practicing radiologists.
The ACGME has left it to each specialty to create curriculum specifics regarding the body of knowledge and technical skills needed to practice medicine in their respective specialty. For radiology, and US in particular, a well-defined body of knowledge is necessary to achieve competency. The ACGME has developed 5 levels of achievement to assess whether a trainee has reached a certain level of practice. Each area is defined as beginner, advanced beginner, competent, proficient, and expert. These 5 levels apply to all areas in radiology including US. It is left up to each society overseeing these parts of radiology to develop curricula that define what is required to achieve each level, and it is even more essential for radiologists to define the necessary US criteria, given that many other specialties now use and teach US as part of their training. By keeping the bar high for training in US, radiology ensures that high standards are maintained, which of course benefits patient care and safety as well as health care economics.
This document therefore represents the cumulative work of the members of the training and outreach committee over the last several months. We chose to define each level of achievement within each area of US as follows: beginner: knowledge of basic anatomy advanced beginner: knowledge of basic pathology competent: knowledge of advanced pathology and the performance and interpretation of color/Doppler US proficient: ability to assimilate clinical information and radiologic imaging studies to manage cases and consult effectively. expert: ability to scan all types of cases and perform US-guided procedures Each member of the committee is an expert in their respective area of US, and collectively we have developed basic guidelines for determining which milestones a resident has achieved in a given area of US. We have defined beginner as understanding basic anatomy seen on US, advanced beginner as recognizing basic pathology, competent as recognizing advanced pathology and having gained technical and interpretive skill in using color, proficient as having sufficient skill and knowledge to manage cases that include an assessment of when to do CT or MRI, biopsy, follow-up, or simply indicating that no further follow-up is needed. Expert level is in effect, an attending level of skills that include the ability to scan, perform procedures, manage patients, and consult effectively with other members of the medical team with regard to the results of the US examination.
The curriculum guidelines we have produced are just that a guideline for training will vary from institution to institution. Radiologists' knowledge of physics is part of what makes our specialty unique, and a section on physics and instrumentation has been included as part of each area within the perform procedures, which is a major part of being competent in US, and this is one of the milestones. Procedures are done by many subspecialties in curriculum.
In today's practice of US, residents are often exposed to transplants, high-risk obstetric vascular studies, and complex musculoskeletal and emergency cases on their first day. This document is not intended to indicate any particular order or sequence by which residents will learn the US skills listed in this document. Some institutions do not perform obstetric or vascular studies, and thus residents may not actually become competent or proficient in these areas, and it is important to recognize shortcomings in the training of our residents. A resident may become competent at doing color flow imaging within the first few days of their first US rotation, yet may not have seen a case of hydronephrosis. Some may not ever see a testicular torsion in clinical practice, but most will have been shown these entities in teaching sessions or lectures, and for the purposes of this curriculum, this would satisfy completion of that particular requirement.
The idea is not to make everyone competent in each area, but to produce guidelines that give a clearer picture of what level of expertise a resident has achieved in any given area. Most of us are not experts in every area of US and maybe not even competent in certain areas of US because this is not within the scope of our practice. The performance of procedures as well as the knowledge and judgment of when to perform a biopsy of any given lesion is an integral part of US, and the performance of procedures is included in each section of this US curriculum where relevant. For patient safety, we have designated the performance of procedures at an expert level of achievement and expect an expert level of practice for anyone performing procedures on patients within his/her given specialty.
These guidelines can perhaps best be thought of as a checklist that each resident would use as a guide for learning US including self-directed learning and faculty could use as a template for resident education in US. I am hopeful that this curriculum will be very helpful to most of us in our own institutions for organizing the training of residents in US, and it will demonstrate to specialties outside radiology that we have set high standards for the training of residents in the performance of US.
I would like to thank the members of the training and outreach committee for their contributions to this document. former, receiver, scan converter, postprocessor, display) ) Generation of ultrasound (piezo electric effect, piezo electric materials) ) Basic interaction of ultrasound with tissue (scattering, acoustic properties of materials) ) Transducers and transducer types and image shapes produced by various types ) Digital beam former (functions: firing order, timing of firings, focus control, beam steering) ) Receiver (gain, AM detection, time gain compensation) ) Postprocessing and scan conversion ) Display types (A, B, C, M modes, duplex Doppler, color Doppler-triplex) ) Basic ultrasound controls and usage of each control ) Ultrasound safety (typical intensities, AIUM safety statement, on-screen output display)
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Advanced Beginner: Basic Pathology ) Ultrasound pulsesVproperties and interaction with tissue (CW vs pulsed, pulse characteristics, frequency dependenciesVpenetration, lateral resolution, scattering intensity) ) Velocity and wavelength (wavelength-frequency relationship, sound speed standards and uses in US, pulse lengthVbandwidth, axial resolution) ) Measures of amplitude and power (amplitude, intensity, SPTA, SPPA) ) Ultrasound pulse interactions with tissue (attenuation, scattering-reflection) ) Ultrasound beam (properties vs depth, Fresnel and Fraunhofer zones, focusing, beam steering methods) ) Ultrasound artifacts (slice thickness, speckle, side lobes, reverberation, ring down, mirror image, refraction, speed of sound error, range ambiguity, shadowing, edge shadowing, enhancement, banding, focal zone effects) Advanced Beginner: Basic Pathology ) Kidney: cyst, calculus, cortical scar, ''dromedary hump'' not a mass, renal pelvis dilatation ) Diffuse parenchymal disease (increased cortical echogenicity) ) False positives, mimickers (parapelvic cysts, diuresis, reflux, diabetes insipidus, recently relieved obstruction, prominent renal vessels) ) Pyonephrosis ) Milk of calcium (differentiate from renal calculus) ) Congenital abnormalities (renal agenesis, ectopia, cross fused ectopia, horseshoe kidney, duplicated system) ) Ureter: ureteric dilation (proximal and/or distal), ureterocele, urothelial thickening ) Bladder: diverticulum, debris, calculus, postvoid residual ) Prostate: calcification, ejaculatory duct cysts ) Seminal vesicles: cysts, calcification, ureteral insertion Competent: Knowledge of Advanced Pathology and the Performance and Interpretation of Color/Doppler US ) Kidney: twinkle artifact, mass solid/cystic/mixed differentiation from the cortex/medulla with color Doppler ) Papillary necrosis (atrophy, calcification, sloughed papilla, causes) ) Medullary nephrocalcinosis (stages, early, mid, late; causes; medullary sponge kidney) ) Other renal pelvic mass (blood clot, fungus ball, papilla, puss ball) ) Renal infarct (color Doppler) ) Renal, subcapsular, perirenal hematoma ) Hyperechoic mass (not all are angiomyolipoma, differential diagnosis) ) Ureter: mass, calculus ) Bladder: UVJ lesions, ureteral jets, bladder mass ) Prostate: mass, inner zone, peripheral zone 
) Free fluid (ascites, echogenic fluid: blood, pus, debris)
Competent: Knowledge of Advanced Pathology/Performance and Interpretation of Color Flow/Duplex Imaging ) Uterus ) Adenomyosis (features, myometrial cysts) ) Adenomyoma (color flow distinction from fibroid) ) Pedunculated fibroid (feeding vessels) 
Advanced Beginner: Basic Pathology ) Uterine and adnexal evaluation ) Placenta previa Expert: Able to Perform US-Guided Procedures and Scan All Pathology ) Cross correlation sonography with MRI ) Screening whole breast ) Elastography
